Aim: This study evaluated the effect of a sonic device on the bonding of fiberglass posts cemented with a self-etching adhesive combined with conventional cement or a self-adhesive cement to root dentin. Methods: Forty single-rooted bovine incisors were endodontically prepared using a step-back technique. Gutta-percha and AH Plus sealer were used for root canal filling, combined with a thermoplasticization technique. After 1 week, the post space was prepared and the roots were divided into four groups according to the following factors: adhesive system/resin cement (Ambar/ AllCem Core [FGM] and RelyX U200 [3M]) and application mode (manual or sonic). The posts were cemented and the roots were cut into discs and submitted to push-out bond strength (POBS) test. The failure mode was evaluated using a stereoscope at 25x magnification. The data were analyzed statistically using ANOVA and Tukey's post-hoc test (α = 0.05). Results: The sonically activated RelyX U200 group was superior to the other groups. RelyX U200 manually applicated showed similar results to those of sonically activated Âmbar/AllCem. These three groups outperformed the Âmbar/AllCem manually applicated group. Adhesive failure between dentin and resin cement was the most predominant pattern. Conclusion: Sonic application of self-etching adhesive and self-adhesive cement improved the POBS of fiber posts to the root canal.
Introduction
It is well established that coronal infiltration is a major cause of failure in endodontics [1] [2] [3] . Thus, an impervious seal in the coronal area is vital for a successful prognosis of an endodontically treated tooth 4 . Indirect restorations are frequently required after endodontic treatment due to the extensive loss of tooth structure as a result of carious lesions and previous restorations and/or fractures. These restorations are commonly associated with cast-metal or fiberglass posts 5 .
Fiberglass posts are widely used and accepted for restoration of endodontically treated teeth due to their good esthetic appearance, with no risk of gingival discoloration or alteration of the root surface by corrosive products, especially in the anterior region 6 . Furthermore, they have a high flexural strength and an elastic modulus similar to that of dentin, thus minimizing the transmission of stresses to the root walls and decreasing the possibility of root fractures [5] [6] [7] [8] .
Fiberglass posts can be cemented using different techniques such as conventional adhesive (etch-and-rinse) associated with conventional cement, self-etching adhesive associated with conventional cement, and self-adhesive cement. In respect to self-etching systems, they do not require the use of acids or chelating agents for smear layer removal. Self-adhesive cement requires no pre-treatment of the tooth surface. This is a simplified and time-saving cementation procedure with a bonding mechanism based on micromechanical retention and chemical 5 .
Clinical studies have shown that loss of retention is the major failure mode of fiber posts luted to root canals [9] [10] [11] . This can occur because the light from the curing unit fails to reach the most apical regions or because of the incompatibility between acid adhesives and self-/dual-polymerized composites. In addition, problems may result from high polymerization contraction stresses, poor moisture control, and peculiar characteristics of the root dentin substrate [11] [12] [13] [14] [15] [16] [17] .
Several strategies have been suggested to improve the performance of adhesive systems; however, they usually add more bonding steps or time to the clinical procedure 11, 18 . Cuadros-Sanchez et al.
11 (2014) observed that the application of conventional adhesive using a sonic device was a feasible tool to increase fiber post bonding to root canals.
The aim of the present study was to evaluate the effect of a sonic device on the bonding of fiberglass posts cemented with a self-etching adhesive combined with conventional cement (Ambar Universal/ AllCem Core) or a self-adhesive cement (RelyX U200) to root dentin.
Materials and Methods

Specimen preparation
Forty single-rooted bovine incisors were selected for this study. The inclusion criteria were absence of root resorption, fracture and cracks -visualized with mesiodistal and bucallingual radiographs. The round internal anatomy and diameter were equivalent to that of Gates-Glidden (GG) drills # 3 to #5 in the cervical and middle third.
The crowns were sectioned below the cementoenamel junction using a double-sided diamond disc (KG Sorensen, Barueri, SP, Brazil) to obtain 14-mm-long roots.
Afterwards, the pulp tissue was removed using a #30 Hedstroem (Dentsply Maillefer, Ballaigues, Switzerland) endodontic file, to better removal of bovine pulp tissue due to its high cutting capacity, but it was not used for patency.
The root canal was explored with endodontic files #10 and #15 (Dentsply Maillefer, Ballaigues, Switzerland). A step-back technique was used to shape the root canals. To prepare the middle-coronal third, GG 5 (Dentsply Maillefer, Ballaigues, Switzerland) was used at 5 mm and GG4 at 8 mm. The K3 (SybronEndo, Orange, CA, USA) sequence was used for apical preparation: 15/.06, 20/.06, 25/.06, 30/.06, 35/.06 and 40/.06. The canals were irrigated with 1 mL of 5.25% sodium hypochlorite (Milfórmulas, Rio de Janeiro, RJ, Brazil) between files. 1 mL of 17% EDTA (Biodinâmica, Ibiporã, PR, Brazil) was used during 3 minutes, followed by 5 mL of saline solution, to remove the smear layer. The canals were dried with medium-sized absorbent paper cones (EndoPoints®, Manacapuru, AM, Brazil). They were then filled with medium-sized gutta-percha cones (Odous de Deus, Belo Horizonte, MG, Brazil) and AH Plus™ sealer (Dentsply, Petropolis, RJ, Brazil). The gutta percha and paper cones were cut at size 40.The canals were filled using a thermoplasticization technique. All the teeth were radiographed to assess the quality of the filling and verify whether the three-dimensional filling had any voids. The specimens were stored at 37ºC and 100% humidity for 1 week.
The filling material was then removed with a heat condenser #3 (Odous de Deus, Belo Horizonte, MG, Brazil) at 10mm. Post space was prepared with Gates Glidden #5 (Maillefer) at 7mm and a specific bur of the post system (White Post DC© # 2, FGM, Joinville, SC, Brazil), with similar dimensions to those of the fiberglass post (height 20 mm, upper and lower diameter 1.8mm and 1.05mm, respectively) was used at 10 mm. After that, the post space was cleaned with 70% alcohol using a microapplicator (Cavibrush, FGM, Joinville, SC, Brazil), followed by irrigation with 5mL of saline solution. The root canals were then dried with paper points (EndoPoints®) and air jets.
The teeth were randomly divided into four groups (n=10) ( Table 1) : adhesive system/ resin cement (Ambar Universal/ AllCem Core and only RelyX U200) and application mode (manual or sonic).
The post was prepared using 37% phosphoric acid (Condac 37, FGM, Joinville, SC, Brazil) for 30 seconds, washed with distilled water, and dried with air jets. The Âmbar Universal (FGM, Joinville, SC, Brazil) adhesive was applied to the groups cemented with AllCem Core (FGM, Joinville, SC, Brazil) and Single Bond Universal (3M ESPE, St. Paul, MN, USA) was used in the group cemented with RelyX U200 (3M ESPE, St. Paul, MN, USA). The adhesive was applied homogeneously on the fiber post surface using a microapplicator (Cavibrush, FGM) and polymerized for 20 seconds (Radii Cal;SDI, Baywater, Australia) at 1.200 mW/cm 2 . Groups 1 and 3 were cemented with AllCem Core/Âmbar Universal. In Group 1, Âmbar Universal was applied to the dentinal surface for 10 seconds with a microapplicator, followed by a second application for 10 seconds, and the excess adhesive was removed with paper Group 2 and 4 were cemented with RelyX U200. In Group 2, the cement was inserted with a Centrix syringe (DFL). In Group 4, after cement insertion, sonic agitation was performed for 20 seconds using the tip of the sonic device, ate 170Hz.
The posts (DC #2, FGM) were placed with tweezers and digital pressure after cement inserted and after 5 minutes, each face was polymerized for 40 seconds. The samples were stored at 37ºC and 100% humidity for 1 week.
Push-out test
Each root was horizontally sectioned with a low-speed, water-cooled diamond saw (Isomet 2000; Buehler, Lake Bluff, IL) to produce two slices of approximately 1 mm of each root region (i.e., apical, middle, and coronal). The first (coronal) and last (apical) slices were discarded. Six slices from each root canal were evaluated.
The push-out test was performed using a cylindrical stainless steel plunger (1.2 mm in diameter), with a load at 0.5 mm/min from the apical to the coronal direction until the post segment was dislodged from the root section. The push-out bond strength was measured with a universal testing machine (EMIC DL 2000; São José dos Pinhais, PR, Brazil). To express the bond strength in megapascals (MPa), the load at failure, recorded in newtons (N), was divided by the area (mm 2 ) of the post-dentin interface. To calculate the bonding area, the formula p (R + r) [(h 2 + (R -r) 2 ] 0.5 was used, where R represents the coronal root canal radius, r is the apical root canal radius, and h is the thickness of the slice. The thickness of each slice was measured using a digital caliper (Starrett, Itu, SP, Brazil) and the total bonding area for each root canal segment was measured under 25x magnification with a stereoscope (Carl Zeiss) and ImageLab 2.3 software (University of Campinas, Piracicaba, SP, Brazil).
All fractured specimens were observed under a stereoscope (Carl Zeiss) at 25x magnification to determine the failure mode. The failure mode was classified into five types 6 : (i) Adhesive between cement and dentin: fracture occurs predominantly at the cement/dentin interface; (ii) Adhesive dentin/cement/post: the fracture occurs without predominance of an interface; (iii) Mixed cohesive dentin: some fracture occurs within dentin; (iv) Mixed cohesive post: fracture occurs at the post; (v) Mixed cohesive post/dentin: fracture occurs at the post and dentin. The assessment was performed by a single experienced evaluator.
Statistical analysis
The Kolmogorov-Smirnov and Levene' s tests were used to evaluate normality and heteroskedasticity. The data were then analyzed statistically using ANOVA and Tukey' s post-hoc test for comparisons (α = 0.05). IBM SPSS version 15.0 and the R software version 3.2.3 were used.
Results
Mean and standard deviation values of the push-out bond strengths are reported in Table 2 . When the groups were evaluated independent of the third (all thirds), the sonically activated RelyX U200 was superior to the other groups. RelyX U200 manually applicate and sonically activated Âmbar/AllCem results were similar. These three groups were superior to the manually applicate Âmbar/AllCem group.
Regarding cements, RelyX U200 showed superior results, i.e., RelyX U200 was superior to Âmbar/AllCem and the sonically activated RelyX U200 was superior to the sonic activated Âmbar/AllCem.
The sonic device increased the bond strength of both cements.
Similar values were observed for the push-out values of the thirds. In all thirds, Âmbar/ AllCem showed lower bond strength.
As shown in Figure 1 , the most predominant failure pattern was type I, i.e., adhesive between dentin and resin cement. 
Discussion
An effective and durable bonding of fiber posts to cement and cement to dentin is essential for the longevity of restorations and for endodontic prognosis 6 . Different strategies have been proposed to improve the adhesion of fiber posts to dentin. However, these strategies are associated with increasing steps during the cementation process, such as resin cement pre-heating 19 , dentin pretreatments [20] [21] [22] and different surface treatments of fiber-reinforced posts 23 .
Cuadros-Sanchez et al. 11 (2014) evaluated the sonic application of a conventional adhesive system and observed that it improved the adhesion of fiber post to dentin in addition to increasing the penetration of the adhesive. In view of these findings, the present study evaluated the effect of a sonic device on the bonding of fiberglass posts cemented with a self-etching adhesive combined with conventional cement (Âmbar/AllCem) or self-adhesive cement (RelyX U200) to root dentin.
The present study verified that the sonically activated RelyX U200 was superior to the other groups, while the Âmbar/AllCem group yielded the worst results. RelyXU200, a self-adhesive cement, outperformed AllCem Core plus the self-etching adhesive. The simplified self-adhesive resin cement approach allows low shrinkage due to its viscoelastic properties, leading to a better intimate contact of the resin cement with the root canal walls and higher frictional resistance 24 . According to Radovic et al. 25 (2008), the setting reaction of self-adhesive cements results in extensive cross-linking of monomers and in the creation of high molecular weight polymers. To neutralize the acid system, the pH increases from 1 to 6 because phosphoric acids react with alkaline fillers and with tooth apatite. In this process, water is formed, which contributes to the cement's hydrophilicity, leading to a better adaptation to root canal walls and moisture tolerance. In addition, the use of sonic device increased the bond strength of both cements, similar to other studies 11, 26 .
The negative results of AllCem Core associated with Âmbar Universal autoconditioning bonding can be due to a possible chemical incompatibility between the low-pH adhesive system and the resinous material 24 . Amaral et al. 24 (2009) found superior bond strength results for RelyX Unicem, a self-adhesive cement, precursor of RelyX U200, in comparison with the self-etching adhesive Panavia F system, using the pull-out test. However, Pereira et al. 27 (2014) found similar performance when comparing self-adhesive cements (RelyX Unicem and BisCem) with the self-etching adhesive (Panavia F system) using the same test.
The use of a sonic device favored the bond strength of both cements. An explanation for the better performance of the sonically activated groups is that, under sonic vibration, the imparted energy is transmitted to the fluid bonding agent within the root canal. The agitated fluid can reach areas not accessible by the sonic tip. In addition, the high-speed vibration of the sonic tip creates pressure waves and shear forces in the adhesive and also generates microscopic bubbles that are forcefully pushed against the dentin surfaces. In combination, this fluid dynamics are able to increase the inward diffusion of monomers while aiding in the outward evaporation of solvents, which reduces the smear layer and consequently reduces the nanoleakage, thus increasing bond strength [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . Our findings are in accordance with Cuadros-Sanchez et al. 11 (2014) and Mena-Serrano et al. 28 (2014), who found improvement in bond strength when a sonic device (170Hz frequency) was used. However, Mushashe et al.
29 (2017) verified that the use of a sonic device (241Hz frequency) did not improved the bond strength. The differences in the results obtained can be ascribed to oscillatory frequencies.
In the present study, no difference was found in bond strength between the thirds, which is partially in accordance with Saraiva et al. 22 (2013) . These similar results may be associated with the homogeneous cleaning performed in dentin, which allowed complete penetration of the resin into the dentin. Both cements used are dual-cured and contain components that provide rapid light polymerization in those areas where the curing light penetrates effectively and a slower chemical polymerization in those areas where the light is not effective 18 . However, these findings are at odds with Cuadros-Sanchez et al.
11 (2014) , who found lower values for the apical third in the push-out test.
Adhesive failure between cement and dentin was the most common finding, which is in accordance with previous studies 6, 11, 27 . The sonically activated RelyX U200 group exhibited higher bond strength and the most mixed cohesive failure patterns 30 .
Further studies are needed to evaluate long-term laboratory and clinical performance of adhesives/resin cements when different application modes are used.
It may be concluded that sonic application of self-etching adhesive and self-adhesive cement improved the bond strength of fiber posts to the root canal.
